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ABSTRACT
THE USE OF COLIPHAGE AS AN INDEX OF HUMAN 




The practicality of a coliphage indicator system for 
human enterovirus in polluted waters was studied. Parallel 
examinations of sewage effluents, shellfish and shellfish 
growing waters for coliphage and enteric virus indicated a 
wide dissemination of coliphage throughout the estuary, gen­
erally occurring in the absence of detectable enteric virus 
activity. A majority of the enteric virus isolations were 
observed in samples yielding no coliphage activity. Under 
controlled conditions, oysters were observed to accumulate 
more coliphage than enteric virus. Replication of coliphage 
in the estuary during the summer months was shown to occur 
when proper host cell was present. Two major coliphage types 
were observed in field samples based on their reactivity with 
different Escherichia coll strains. A shift in dominant coli­
phage type was seen to occur during the study. Survival 
times of coliphage and enteric virus in estuarlne waters along 
with retention values in oysters were shown to be similar with 
a slight advantage shown by coliphage.
Inability to correlate accurately coliphage and en­
teric virus occurrence in field samples along with the po-
viil
tential for the presence of more than one dominant coliphage 
type indicated the serious shortcomings of the coliphage in­
dicator system as a method of enteric virus detection, leav­
ing its overall use in the polluted environment subject to 
grave doubt.
A secondary study was performed on one of the two 
dominant bacteriophage types occurring in field samples. 
Characterization studies indicated a small (20-25 nm) par­
ticle of icosohedral symmetry containing a number of "spike- 
like" projections. The genome was observed to be single 
stranded RNA. Nutritional studies revealed an absolute re­
quirement for copper ions.
ix
1INTRODUCTION
Examinations of shellfish and. shellfish-growing 
waters for the presence of enteric viruses call for the re­
covery of small numbers of virus from large volumes of water 
or tissue homogenate of shellfish pools. Procedures for con­
centration of virus from water have been time consuming, ex­
pensive, and incapable of providing a quantitative measure 
of virus members occurring in samples analyzed.
The occurrence of coliphage in feces has led to the 
suggestion that collphage be used as an indicator in place 
of virus to overcome the handicaps associated with virus de­
tection procedures. Special advantages cited for a coliphage 
indicator of virus pollution of shellfish and shellfish waters 
are the speed, economy and quantitative assessment possible.
The feasibility of using a coliphage indicator in 
examinations of shellfish and shellfish growing waters to 
indicate the presence of enteric viruses was explored in the 
present study. Parallel examinations for coliphage and en­
teric virus were made in raw sewage, waste treatment plant 
effluents, estuarlne waters and shellfish. Comparisons of 
survival times in estuarlne waters and shellfish were made 
along with determinations of the likelihood of coliphage 
multiplication in estuarlne waters containing Escherichia 
coll.
2LITERATURE REVIEW
The studies of Levaditi (1940) and Paul et al. (1940), 
first indicated the presence of poliovirus in urban sewage.
Two years later Paul again reported similar Isolations of 
poliovirus from sewage. Clarke et al. (1951) successfully 
isolated coxsackievirus from raw sewage while Kelnick et. al. 
(195*0 found It in treated sewage effluents. Kelly at al. 
(1957) isolated echovirus from waste water. Reports indi­
cating the presence of human enterovirus in raw and treated 
sewage, too numerous to present here, are the subject of 
many excellent literature surveys (Berg, 1964, 1966, 196?5 
Clarke and Chang, 1959; Clarke and Kabler, 1964; Clarke 
et al., 1964; Grabow, 1968; Chang, 1968).
The findings of Lamb et al. (1964) showed the pres­
ence of coxsackievirus and poliovirus in river water into 
which sewage effluents were discharged. Metcalf and Stiles 
(1965, 1968a, 1968b) traced the occurrence of various human 
enteroviruses -from sewage effluents to receiving estuarlne 
waters, to oysters (Crassostrea vlrglnlca) up to four miles 
from the nearest sewage outlet. The occurrence of enterovirus 
In mussels from sewage polluted waters was the subject of 
studies by Bellelli and Leograndl (1968) and Ruschci et al. 
(1969).
Historically, the virus of infectious hepatitis has 
been considered the chief epidemiologically established 
viral disease transmitted via the viater route (Grabow, 1968). 
Evidence for a relationship between hepatitis outbreaks and
3sewage contamination of drinking and recreational water has 
been advanced by Mosley (1963)* Werbel (1964), Gavan (1970), 
and Rennie (1970). Mason and McLean (1962), Rindge (1961), 
and Ruddy at al. (1969) ascribed outbreaks of Infectious 
hepatitis to the consumption of raw shellfish taken from 
sewage contaminated water.
Disease outbreaks involving transmission of other 
members of the enterovirus group to man from sewage via the 
water route have also been reported. Bancroft at al. (1957) 
described outbreaks of poliomyelitis in Nebraska as being 
associated with contaminated drinking water, as did Little 
(1954) in Canada. Green at al. (1968) reported an outbreak 
of gastroenteritis in some 5»000 persons due to faulty 
chlorination of a water supply. Echoviruses 30 and 2, along 
with Coxsackievirus B3 were isolated from all patients.
Hartmann et al. (1968) reported Echoviruses 6 and 30 to be 
involved causally in a gastrointestinal disease outbreak in 
Berlin. Werner (1969) considered a logging camp gastroen­
teritis outbreak to have resulted from "sewage poisoning" of 
drinking water. A viral etiology was suspected in view of 
the failure to isolate bacterial pathogens from either water 
or patient. Further indications of waterborne viral infec­
tions are discussed in a review article by Chang (1968).
Clinical syndromes caused by human enteroviruses are 
not limited to gastroenteritis, or liver involvement. Aseptic 
meningitis may be caused by members of the Poliovirus, Cox­
sackievirus (Group A and B) and Echovirus groups (Grabow, 1968).
Coxsackieviruses of Group B also are associated with pleuro­
dynia and acute infantile myocarditis (an excellent review 
of the diseases caused by enteroviruses can be seen in 
Horsfall and Tamm, 1965). With the exception of hepatitis 
virus and poliovirus none of the enteric viruses clearly has 
been linked to a waterborne transmission route. Grabow (I968J 
believes that the failure to clearly link other enteric 
viruses with clinically recognized infections may be the re­
sult of mild infections which either escape attention, or 
are falsely labeled as colds. Members of the human entero­
virus group (i.e. poliovirus, coxsackievirus, and Echovirus) 
have been shown to be of similar morphological and chemical 
nature. The studies of Finch and Klug (1959), Schaffer and 
Schwerdt (1959). Quigley (19^9). Sprunt et. al. (1959). and 
Melnick (195*0 showed members of this group to be of uniform 
size (17-30 mu) and symmetry (icosohedral). All enteroviruses 
were found to contain a central core of RNA.
The experiments of Robinson (1956) and Ketler et al. 
(1962) indicated the ability of enterovirus to withstand wide 
ranges of pH (eg. 2.3 to 9 A  for 1 day). Members of the en­
terovirus group were furthermore shown to resist the action 
of antiseptics such as ethanol and Lysol, and organic solvents 
such as ether (Melnick, 1951). Such studies indicated the 
absence of a lipid layer around the enteroviral capsid.
Gilcreas and Kelly (195**. 1955) working with bacterio­
phage as a virus model, suggested collphage measurements 
could serve as a valid indication of either bacterial or
5viral pollution.
Kelly and Sanderson (1957. 1958) working primarily 
with distilled water, discovered that far greater quantities 
of free or combined chlorine were required to inactivate en­
terovirus than to remove fecal coliforms. Clarke (196 )^ 
found a similar requirement for greater amounts of chlorine 
for inactivation of poliovirus and coxsackievirus versus re­
moval of Escherichia coll. Burns and Sproul (196?), also 
working with chlorine inactivation of virus versus coliforms, 
pointed out the Inadequacy of using a collform test as an in­
dicator of effectiveness of chlorination of virus. They 
cited the lower chlorine doses needed for Inactivation of 
bacteria compared to enteroviruses. These findings were simi­
lar to those of Shuval et al. (1967).
Studies comparing removal of collform bacteria and 
enteric viruses in activated sludge (Clarke, et al. 1961), 
and relative survival of these organisms in sewage sediments 
(Hryhos, Yeva, et al. 19&9) showed enteric virus to survive 
longer. Data of this kind points to the greater likelihood 
of active enterovirus being released from sewage treatment 
plants than enteric bacteria.
Studies of the survival rate of enteric bacteria in 
estuarlne water Indicated the ability of the organisms to sur­
vive for a period of slightly more than 11 days (Slanetz 
and Bartley, 1965). Similar studies of enterovirus survival 
in these same waters during the same season (summer) showed 
virus surviving for as long as 32 days (Metcalf and Stiles, 
1967). Survival of enterovirus and collform bacteria was
6further studied by Baddasar1 Yan (1970) in tap, sewer and 
river water. In all cases the bacteria were inactivated 
quickly while the virus continued to survive for long periods 
of time.
The work of Slanetz, Bartley and Metcalf (196^) 
showed little correlation of occurrence of enteric bacteria 
with that of enteric virus in sewage polluted waters and shell 
fish. A later study (Metcalf and Stiles, 1968) demonstrated 
the presence of enterovirus in oyster and water samples con­
sidered sanitarily acceptable according to the collform in­
dex.
Considerable interest has been shown in the use of 
coliphage as an Indicator of enterovirus pollution. Loehr 
and Schwegler (1965) reasoned that if collform bacteria were 
to be used as a bacteriological measure of pollution, the 
viruses of these organisms might be used to monitor viral 
pollution. Coliphage resistance to chlorine was shown to 
approximate that of enterovirus (Lothrop and Sproul, 1969; 
Kott, 1969). Activated sludge treatment was shown to be less 
successful on coliphage than on enterovirus (Hryhos1 Yeva, 
1969). Survival of collphage in seawater (Kott, 1969) was 
found to be similar to the prolonged survival exhibited by 
enterovirus (Metcalf and Stiles, 1965).
Accumulation of coliphage by shellfish (Canzonler, 
1971) was shown to be similar to the uptake of enterovirus 
(Metcalf and Stiles, 1965b; Mitchell et al., 1966).
Kott (1969) outlined a semiquantitative relationship 
between coliphage numbers and the degree of virus pollution
7in water. Unfortunately, parallel testing of coliphage and 
enterovirus reactions under the conditions imposed was not 
carried out in these studies. Many of the conclusions there­
fore were inferred from results of studies by other authors 
(Metcalf, 1969).
Berg (1969) recommended the following criteria for the 
use of a coliphage indicator system: 1) coliphage must be at
least as resistant as enterovirus to the marine environment;
2) coliphage in equal or greater numbers must always be pre­
sent when enteroviruses are found.
8MATERIALS AND METHODS
Shellfish
Eastern oysters (Crassostrea vlrglnlca) were obtained 
from Great Bay, an estuary In the coastal New Hampshire re­
gion, and depurated to remove bacteria and viruses.
Viruses and Host Cells
Collphage T4 (ATCC 11303-B^) was used In all labora-
10
tory examinations. Stock suspensions with titers of 1 x 10 
per ml were obtained by propagation on Escherichia coll B 
(ATCC 11303). Stocks were maintained by storage over chloro­
form at ^C until needed. Other host cells used during field 
studies included E. coll N.H. (isolated from domestic raw sew­
age) and E. coll (ATCC 9637). Host cultures were grown In 
nutrient broth at 37C, with shaking for 12 hr.
Coxsackievirus B-3 (ATCC VR-30) was used throughout 
laboratory and field studies. Viral stock was prepared on mono­
layers of a stable monkey kidney culture, LLCMKg (Flow Labora­
tories) .
Virus Isolations
Estuarlne waters. Water examinations were made by 
means of 100 ml grab samples (Coliphage), and gauze pads sus­
pended at collection stations for 3 days (Coliphage and en­
teric virus). Pads were extracted with nutrient broth (pH 8.5) 
and a supernate recovered following clarification at $000 x g 
for 10 min. Collection stations were established over oyster 
beds In waters found to be borderline in terms of the c o n ­
form criteria established for bacteriological acceptability of
9the estuarlne waters for harvesting shellfish.
Virus analyses were made with pad extracts following 
ether treatment and centrifugation (160,000 x g) to recover 
a concentrated sample. Details of the preparation have been 
described previously (Metcalf and Stiles, 1968).
Shellfish. Pools of 10 oysters were prepared by homo­
genization of meats and fluids In a high speed blender. Super- 
nates obtained following clarification of homogenates at 
5000 x g for 10 min were divided Into aliquots for collphage 
and virus examinations. Preparation of samples for testing 
was the same in both cases as the methods described for water.
Estuarlne Mud. Samples of 100 to ^00 g were collected 
in sterile bottles and transported to the laboratory where the 
mud was suspended In 50 to 100 ml of nutrient broth, pH 8.5.
After a one hr mechanical shaking interval, samples were clari­
fied at 5000 x g for 10 min. Supernates recovered were di­
vided Into aliquots for coliphage and virus examinations. 
Preparation of samples for testing was the same as previously 
described.
Raw Sewage and Treated Effluents. One hundred ml grab 
samples of raw sewage and treated effluents were examined in 
quantitative tests for collphage following overnight chloro­
form treatment. Gauze pads suspended in treated effluents for 
3 to 5 days were extracted as described previously and the ex­
tracts examined for coliphage and enteric virus.
Survival Studies in Shellfish and Estuarlne Waters
Coliphage T4 and Coxsackievirus B-3 suspensions were
H- 6
prepared to give, respectively, 2 x 10 and 1 x 10 plaque
10
forming (PFU) units per 0.1 ml. The suspensions were placed 
in separate dialysis tubes and Immersed in estuarlne waters 
within a wire cage. Samples for assay were removed at weekly 
intervals until infectivity was no longer detectable. Dialy­
sis tubing was replaced at two week intervals.
Oysters were depurated in flowing seawater subjected
to ultraviolet irradiation until free from detectable viral
activity (72-120 hr). Coliphage and Coxsackievirus B-3 each
5
were added simultaneously in 10 PFU per ml to environmental 
seawater. Accumulation by oysters was allowed to take place 
under natural conditions for 12 hr. The oysters were then 
transferred to estuarlne waters where they were maintained 
during the test period. Survival values were determined by 
virus recoveries from pools of 10 oysters examined at weekly 
Intervals.
Bacteriophage Multiplication Studies
Ability of bacteriophage T4 to multiply in estuarlne 
waters was investigated. Dialyzing bags containing 100 PFU 
T^ phage and 100 E. coll B cells suspended in 100 ml sterilized 
seawater, were placed in estuarlne waters. Samples were drawn 
at intervals for a period of 2b hrs and assayed for phage num­
bers. At the same time, a control bag containing 100 PFU T^ 
but no host was placed in estuarlne waters.
Virus Assays
Samples examined for coliphage were assayed quantita­
tively and qualitatively by the agar overlay technique of 
Adams (1959). Quantitative analyses were made on an initial 
chloroform treated supernate, while qualitative tests were
11
performed, with chloroform treated supernates following over­
night enrichment with host cell. Qualitative examinations 
were made with duplicate 5 ml lnocula added to equal volumes 
of 2 x overlay which were then poured on Tryptone Glucose 
agar basal layers In l*f mm glass petrl dishes. Quantitative 
tests were made similarly but using duplicate 0.5 ml lnocula 
added to overlays In place of the larger test lnocula. Rou­
tine assays were made using duplicate 0.5 ml lnocula added to 
2.5 ml 1 x overlay and poured on basal layers in 10 mm petrl 
dishes.
Samples examined for enteric virus were inoculated on 
monolayers of human embryonic kidney, primary monkey kidney 
(African Green); and HEp II cultures in plastic bottles. Iso­
lates were recognized by cytopathic effects (CPE) and identi­
fied by serum neutralization tests carried out with test tube 
cultures. Commercial antiserum was used in all tests. Rou­
tine analyses for virus enumeration were made by the agar over­
lay technique (Hsuing, 196*0 or fifty percent tissue culture 
infective dose (TCID^Q) technique (Metcalf and Stiles, 1967).




Ion Requirement Studies. High titers (10 /ml) of phage 
were mixed with host cell (E. coll ATCC 9637) in a 0.7% agar 
overlay suspension and poured on basal layers of Davis Minimal 
Broth supplemented with 1 gm of agar per 100 ml (medium on 
which phage was unable to produce plaques). Absorbent paper 
discs (10 mm) were saturated with the appropriate ion containing
12
solution at a concentration of 10 M , and placed on the solidi­
fied overlays. Following overnight Incubation at 37C plates 
were checked for appearance of plaques around the discs. Con­
trol plates to which no phage had been added were similarly 
prepared.
Concentration Methods. Bacteriophage 9637 was propa~
gated In 2 liter Fernbach flasks (500 ml/flask) using 3 hr
cultures of E. coll (ATCC 9637) at 37C with rotary shaking.
Growth medium consisted of 75 percent artificial seawater
(7-Seas, Utility Chemical Co.) supplemented with k gm per liter
nutrient broth. This medium was prepared by boiling only since
it had been shown previously that autoclaved broth did not
support replication of phage. Copper sulfate and magnesium
-4- -2
chloride in final concentrations of 10 and 10 M, respectively, 
were added to the medium after cooling to avoid precipitate 
formation. After clarification centrifugation at 10,000 x g 
for 20 min and following deoxyribonuclease (10 ug/ml) and 
ribonuclease (50 ug/ml) treatments (30 min at 370* the ly­
sate was filter sterilized through a 0.^ +5 nm membrane filter 
(Millipore). Phage were then concentrated at 160,000 x g for 
3 hr and resuspended in 5 nil volumes, giving a one hundred fold 
c one ent rat i on.
Nucleic Acid Extraction. Phage nucleic acid was ex­
tracted using a modification of the phenol technique of Mandel 
and Hershey (i960). An equal volume of standard saline citrate 
(Mandel and Hershey, i960 pH 8.0) saturated phenol was added to 
the concentrated phage suspension and the tube gently rolled for 
10 min at 5C. The mixture was then centrifuged 25,000 x g for
13
20 min. The aqueous phase "was again deproteinlzed and centri­
fuged to remove all protein. Following this, the aqueous layer 
(nucleic acid) was extensively dialyzed against 0.1 percent SSC 
(pH 8.0). The nucleic acid preparation was then stored over 
chloroform at 5C.
Nucleic Acid Determinations. DNA determinations fol­
lowed the procedure outlined by Burton (1956). Dilutions of 
Bacteriophage 9637 nucleic acid and a DNA standard (Salmon 
sperm, 195 ug/ml) were hydrolyzed in 0.5 N hypochlorlc acid 
(HCLO ) at 70C for 10 min. Following addition of diphsnyla-
nr
mine reagent, the mixtures were Incubated at 30C for 18 hr 
and read against a similarly treated blank at 600 mu (B & L 
600 Spectrophotometer).
RNA determinations Involved the use of the Orcinol test 
(Mejbaum, 1939). Dilutions of Bacteriophage 9637 along with 
dilutions of an RNA standard (rat liver, 100 ug/ml) were hy­
drolyzed in 10 percent trichloroacetic acid (TCA) at 90C for 
10 min. Orcinol reagent was then added to each dilution tube. 
Following 20 min incubation at 100C, the tubes were read against 
a similarly treated blank at 64-0 mu.
Electron Microscope Studies. Bacteriophage concentrates 
were stained with equal volumes 0.7 percent phosphotungstic acid 
(pH 6.8) for a period of 10-15 seconds. Stained sample material 
was placed on formvar coated grids (200 mesh), drawn through 
with tissue paper and dried. All samples were viewed in a 
Phillips, Model 200 electron microscope.
1^
RESULTS
Collphage and Virus Isolations from Estuarlne Waters. Shell­
fish and Mud.
The Great Bay-Little Bay estuarlne system, an inlet 
of the North Atlantic Ocean, comprises an area of 10,000 acres 
(Figure 1). Sewage effluents from seven communities are dis­
charged into rivers emptying into the estuary. Sample collec­
tion sites represent areas of varying degrees of pollution.
Collphage and enterovirus occurrence in estuarlne 
waters, mud and shellfish was studied between the months of 
March and October for a period of three years, with nearly 
four hundred samples examined. The results of this study 
appear in Table 1. These data show that collphage was found 
in oysters about 7 times more often than enteric virus. Coli- 
phage also was found about 7 times more often than enteric virus 
in water when parallel tests were performed on the same samples. 
Even though examinations of grab samples yielded about 4 times 
fewer collphage isolations than pad samples, a numerical su­
periority in occurrence of collphage over enteric virus in 
water was maintained. A greater frequency of occurrence of 
collphage over enteric virus was not found in mud samples. 
Enteric virus was found about 6 times more often than collphage. 
Tabulation of collphage and enteric virus Isolations (summarized 
in Table 1) determined at each sample station is shown in Table 
2. Oysters taken from areas considered heavily polluted due 
to their close proximity to sewage outfalls (e.g. Lamprey River, 
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COLIPHAGE AND ENTERIC VIRUS ISOLATIONS FROM WATER. MUD AND SHELLFISH OF GREAT BAY







March 0/2 * 0/1 5/8 NT ** 1/1 0/8 NT
April NT NT 5/6 NT NT 0/6 NT
May 0/1 NT NT 0/1 NT NT 0/1
June 1/22 3/9 16/27 0/4 1/9 2/27 0/4
July 5/66 16/39 33/54 1/22 1/39 4/54 5/22
August 1/4 3/4 8/16 0/7 0/4 4/16 1/7
September 6/27 NT 9/30 0/2 NT 2/30 0/2
October 1/10 NT 4/17 NT NT__ 0/17 NT__
TOTALS 14/132 22/53 80/158 1/36 3/53 12/158 6/36
PERCENT
POSITIVE 10.6 41.5 50.6 2.7 5.6 7.6 16.6
* number positive isolations/number samples tested
** NT - not tested
TABLE 2


















2k- b 6 41.5 29.2 0 12.5 0 16.7
Nanny Island 58 98-41 6 41.5 14.3 16.2 3.5 2.4 16.7
Adams Point 28 24-8 8 57.0 33.3 0 10.7 0 25.0
Lamprey River 11 10-0 6 73.0 70.0 0 9.1 0 16.7
Bellamy River 13 8-0 4 61.5 25.0 0 0 0 0
Piscataqua River 12 10-0 3 83.5 20.0 0 33.0 0 0
Squamscott River 12 11-0 3 58.5 18.2 0 16.7 0 0
* number of positive isolations/number samples tested
** number collphage water samples (Pad & Grab samples) - enteric virus water samples
(pad sample only)
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centage of collphage and enteric virus Isolations. With the 
exception of the Plscataqua River station, which yielded the 
greatest percentage of both collphage and enterovirus isola­
tions, there was little correlation observed between phage 
and enteric virus occurrence at each station.
The field data suggested a seasonal trend for coll­
phage occurrence in water. According to the grab sample re­
sults, collphage isolations were progressively greater in 
June, July and September. No conclusions could be offered 
about the month of August due to Inadequate testing. Never­
theless, a general trend seemed to be present, with a seasonal 
rise in coliphage numbers that paralleled the seasonal effect 
found with enteric viruses.
Unlike the enteric virus results obtained with both 
water and oysters, coliphage appearance in oysters did not 
follow a seasonal trend. The data showed collphage occurrence 
to be about the same in either late winter, early spring, fall 
or summer months.
Use of several host cell strains during sampling re­
vealed the presence of two basic coliphage "types" in the 
Great Bay estuary. The first "type" included various members 
of the T-phage series which reacted on S. coll B. The second 
"type" was a single species of coliphage reacting only with 
E. coll ATCC 9637. The bacterial host cells used and plaque 
development obtained for Coliphage 9637 are shown in Table 3.
A shift in dominant coliphage type isolated occurred between 
the first and second year of the study. The "T" type coliphage 
which was predominant during the first year was replaced by a
19
TABLE 3
PLAQUE DEVELOPMENT OBTAINED USING THE COLIPHAGE 9637 ISOLATE 
WITH BACTERIAL HOST CELLS FROM THREE GENERA 
OF THE ENTEROBACTERIACEAE
HOST CELL PLAQUE DEVELOPMENT
Escherichia coli (ATCC 9637) +
Escherichia coll (UNH) -
Escherichia coli (ATCC 12435) -






nearly exclusive occurrence of the second collphage type. The 
domination of this collphage "type" not only continued through 
the third year of studies, but continued to occur with a de­
crease In the first type and the absence of any other detect­
able types (Table 4). These data suggested that no single 
collphage "type" could be depended upon to occur exclusively 
in the estuary over a period of time. Furthermore, the 
possibility of shifts In a dominant type would have to be 
recognized.
Collphage In Raw Sewage and Treated affluents.
Isolations of coliphage from raw sewage and sewage 
effluents were compared. The waste treatment plant (Durham 
Sewage Treatment Plant, Durham, N.H.) from which samples were 
obtained was of primary treatment type, with chlorination of 
treated effluent. Effluents contained from 5 to 10 ppm resid­
ual chlorine during the study period (January to May). Coli­
phage were isolated in all raw sewage samples in numbers rang­
ing from 12 to 853 PFU/ml. Parallel testing for enteric virus 
in raw sewage was not performed but previous examinations 
usually had yielded virus isolates (Metcalf and Stiles, 1967).
A qualitative survey of coliphage and enteric virus occurrence 
in treated effluents indicated both to be present in the treated 
waste water being released into rivers flowing into the Great 
Bay estuary.
Survival Studies in Shellfish and Estuarlne Waters.
Comparisons of the survival of collphage and an en­
teric virus in both estuarlne water and shellfish were made.
The tests began in March and extended into April and May.
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TABLE 4
COLIPHAGE ISOLATIONS FROM ESTUARY SAMPLES: SAMPLE





Host Strain number samples
Escherichia coli (UNH) 9/138
Escherichia coli (ATCC 9637) 16/138
Escherichia coli B (ATCC 11303) 52/138
Escherichia coli (UNH) 3/100
Escherichia coli (ATCC 9637) 39/100
Escherichia coll B (ATCC 11303) 11/100
Escherichia coli (UNH) 0/115
Escherichia coli (ATCC 9637) 17/115













Survival periods In water are shown In Figure 2. When the 
tests were terminated the collphage titer was approximately 
100 times greater at 58 days than the Coxsackie virus titer 
at kZ days.
Survival tests in oysters conducted at the same times 
were terminated at 66 days at which time the coliphage titer 
was about 100 times greater than the enteric virus titer.
The results are shown in Figure 3*
The results of the comparisons supported the opinion 
that coliphage survival would at least be comparable with 
Coxsackievirus B3 in both estuarlne water and shellfish.
Assays of oyster samples removed after 18 hr accumula­
tions of coliphage and enteric virus from environmental sea­
water, indicated a preferential uptake by oysters of coliphage 
over enteric virus. This was further examined in a series of 
controlled experiments in running seawater. Previously de­
purated oysters were exposed to equal concentrations of coll-
3
phage T/j, and Coxsackievirus B3 (10 PFU/ml final concentration). 
Following an 18 hr exposure period, pools of 10 oysters were 
assayed for coliphage and enteric virus content. The results 
of five such experiments are seen in Table 5» Increases in 
coliphage uptake over enteric virus of between 5 and. 30 fold 
were noted, suggesting a greater propensity of oysters for 
coliphage uptake. A possible explanation could involve the 
size differential between the T/^  coliphage and enteric virus, 
coliphage being about 8 times larger. The larger coliphage 




















FIGi':-,:; 2. rrevival of cox;;ackif:vlrus arid colithave
in '• atuar.v 'eaters far'n.' one late winter and early cpriny 
months (/.area throu^n l a y).
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FIGUKr1’. 3. Thn s u r v i v a l  o f  C o x s a c k ie v iru s  23 r.nd n o l i t 'K ty c  
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TABLE 5
ACCUMULATION OF COLIPHAGE AND ENTERIC VIRUS BY 
OYSTERS FROM ENVIRONMENTAL SEAWATER
Sample Description
Environmental seawater 





after 18 hr accumulation 
period
Collphage (PFU In hundreds) 
Experiment
1________ 2______  3_______H_______ 5__
63/ml 100/ml - 74/ml 20/ml 55/ml
2/gm 71/gm 8/gm 4.5/gm 3/gm
30/ml 20/ml 4-0/ml 8/ml 4-0/ml
Sample Description
Environmental seawater 





after 18 hr accumula­
tion period
Enteric Virus (PFU In hundreds) 
Experiment
1________ 2______  3______ 4-_______ 5__
50/ml 80/ml 84/ml 30/ml 50/ml
0.4/gm 1.4-/gm 0.9/gm 0.7/gm 0.3/gm
29/ml 30/ml 4-0/ml 10/ml 20/ml
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The accumulation disparity indicated a greater chance 
of finding coliphage than enteric virus in oysters. This being 
the case, coliphage conceivably could be found whether or not 
enteric virus was present. If this proved to be true, there 
would be little if any correlation between occurrence of coli­
phage and enterovirus.
Multiplication of Collphage in the Estuary.
Studies designed to detect multiplication of coliphage 
in estuarlne waters were carried out during the summer months 
when the average water temperature ranged from 18 to 20 G.
The results, plotted in Figure 4, show a significant Increase 
in TZj. coliphage numbers. A controlled laboratory study con­
ducted in an 18 C incubator yielded similar increases in phage 
numbers. Control bags with collphage but no E. coll B host 
cell treated in a similar manner showed no such increases in 
coliphage numbers.
The evidence obtained for coliphage replication in 
estuarlne waters suggested the likelihood of an increase in 
the number of units expected following coliphage introduction 
into estuarlne waters.
Nutritional Studies - 9637 phage.
A study to determine if Coliphage 9637 replication was 
enhanced by the presence of cations was initiated. Results of 
such a study are seen in Table 6. A clear zone of lysis was 
found to occur only around the copper saturated disc. Subse­
quent picking from the clear zone yielded plaques on lawns of 
E. coll ATCC 9637 indicating that clearing was due to phage 
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FIGUR4 4. The increase in number of plaque forming 
units of coliphage in estuary waters.
TABLE 6
EFFECT OF TEN CATIONS ON THE GROWTH OF 
COLIPHAGE 9637 IN DAVIS 
MINIMAL AGAR












Experiments to determine maximum copper levels re­
quired by the phage in agar and broth (Tables 7 and 8), in- 
dlcated that 10 moles copper was optimum (copper sulfate).
It was subsequently determined that plaque development
-2
was further enhanced by addition of 10 M magnesium chloride
to basal and overlay agar (Table 9). Phage production in 9 hr
lysates was increased by 90 percent following addition of
copper and magnesium to nutrient broth media. This level
of phage was surpassed by 10 fold following the use of a 75
percent Marine Broth (7-3eas) supplemented with nutrient broth
-4
(^ gm/1), copper sulfate (10 M) and magnesium chloride
_o ■v_'---■ =
(10 M). Table 10 summarizes the Increase in coliphage num­
bers obtained following supplementation of growth media.
In each system, an initial inoculum of approximately
61 x 10 colony forming units (cfu) per ml of host was allowed 
to grow for 3 hr with rotary shaking at 37 C before inocula­
tion with phage. With the exception of Davis Minimal Broth,
host cell levels at the end of the growth period in each media
8
supplementation system ranged from approximately 5 x 10 to 
9
1 x 10 cfu/ml. Indicating little, if any, copper toxicity 
to the bacteria. A logical explanation for this would be 
copper chelation by organic material in the nutrient broth. 
Addition of copper sulfate to the Davis Minimal system actu­
ally depressed bacterial growth, the final host concentration
7
being approximately 1 x 10 cfu/ml. This result was not en­
tirely unexpected as Davis Minimal Broth contains little or­
ganic material (1 gm glucose/1), the major source of chela­
tion being low levels of sodium citrate (0.5 gm/1). The
30
TABLE 7
DETERMINATION OF THE OPTIMUM COPPER CONCENTRATION 
FOR PROPAGATION OF COLIPHAGE 9637 IN PLATE 





















































* plaques In this series greatly reduced In size (4-6 mm)
** plaque size, 10-12 mm












THE PLAQUE FORMING UNITS OF COLIPHAGE 9637 OBTAINED 
FOLLOWING ADDITION OF VARYING COPPER 
CONCENTRATIONS TO NUTRIENT BROTH
PFU/ml 
(PFU In millions)


























*PFU obtained 9 hrs. after addition of copper.
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TABLE 9
ENHANCEMENT OF COLIPHAGE 963? PLAQUE SIZE ON LAWNS OF 
E. COLI 9637 WITH ADDITION OF VARYING CONCENTRATIONS 
OF MAGNESIUM CHLORIDE TO BASAL AND OVERLAY AGAR
MgClo supplementation
to *Basal and overlay Plaque diameter (mm)




Control - no MgCl2 10-12
*basal agar composed of Davis Minimal Agar with 10 M
copper sulfate,overlay agar composed 0.? percent
-4Difco agar with 10 copper sulfate
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TABLE 10
THE INCREASE IN PLAQUE FORMING UNITS OBTAINED 
FOLLOWING SUPPLEMENTATION OF MEDIA USED FOR 
PROPAGATION OF COLIPHAGE 9637
Media SupplementatIon *PFU/ml
8
Nutrient Broth —  3.0 x 10
Nutrient Broth 10 M copper sulfate g
_2 & 3.1 x 10y
10~ M magnesium chloride
8
Davis Minimal Broth   2.0 x 10
Davis Minimal Broth 10 M copper sulfate 7
_2 & 1.0 x 10
10 M magnesium chloride
9
"Marine Media" — - 5*8 x 10
-4
"Marine Media" 10 M copper sulfate 10
_2 & 5.2 x 10
10- M magnesium chloride
* PFU obtained 9 hrs. after inoculation of host culture 
(initial phage Inoculum, 1.0 x 10® PFU/ml).
reduction in phage numbers observed in Table 10 therefore is 
a reflection of fewer phage replication events due to reduced 
numbers of available host rather than an adverse effect on 
the phage Itself by the copper supplementation.
The use of sodium tetraethylenediamine tetra acetate 
-3
(EDTA), 10 K diluent (pH 7.2) was found to yield consist­
ently greater coliphage titers than a nutrient broth diluent 
in parallel assays (Table 11). A 30 fold or greater titer 
usually was obtained with the EDTA diluent. Increased num­
bers of phage encountered with EDTA treatment may reflect a 
tendency of the phage particles to clump together in the 
presence of excess amounts of divalent cations. Presence of 
a chelating agent such as EDTA would effectively break up 
cation-mediated aggregates, thereby increasing the total num­
ber of discrete particles and lead to greater numbers of coli­
phage PFU.
Lysates, even when formed under optimal nutritional 
conditions, were never observed to undergo the clearing 
characteristic of many bacteriophage systems (e.g. T-phage 
series). This may have been due to the presence of pheno- 
typically phage-resistant forms of the host bacteria which 
continued to replicate, thus Increasing turbidity. It was 
also possible that under broth culture conditions, or condi­
tions involving numerically high concentrations of the host 
bacterium, the collphage replicative cycle is predominantly 





THE USE OF 10 M EDTA VERSUS NUTRIENT BROTH 
AS A DILUENT FOR COLIPHAGE 9637 *ASSAYS
Collphage numbers
♦♦Experiment Diluent PFU/ml______
EDTA 2.3 X 1 0 9
n u t r i e n t bro t h 2.6 X O
I 
CO
EDTA 1.7 X 1 0 9
n u t r i e n t broth 4.6 X io8
EDTA 9.2 X io9













n u t r i e n t broth 9.1 X io8
EDTA 5.6 X io9
n u t r i e n t b r oth 7.3 X o
00
EDTA Os . 00 X io9
n u t r i e n t b r oth 8.2 X io8
* Assays made following 9 hr collphage growth period In 
"Marine Broth" media.
♦♦ Each experiment represents a separate phage lysate.
36
Nucleic Add. Determinations.
Results of the diphenylamine test for deoxyribonucleic 
acid are seen in Table 12. Each value represents the average 
of four separate determinations.
Nucleic acid extracts from Coliphage 9637 showed no 
reaction with the diphenylamine reagent. Furthermore, ex­
tracts treated with snake venom deoxyribonuclease (50 ug/ml - 
Mann Research) demonstrated no shift in absorbancy (260 mu) 
when read spectrophotometrically (Bausch & Lomb 600) over a 
period of 2 hr at 37 C.
Coliphage extract samples did, however, react strongly 
with orcinol reagent. The results are shown in Table 13.
Figure 5 shows a determination of the amount of RNA from one 
such extract. The determination was made with the help of a 
standard curve (rat liver RNA, 100 ug/ml) constructed from data 
presented in Table 13. This level of RNA could not be corre­
lated accurately with a specific number of phage particles, 
due to apparent inactivation of phage particles under condi­
tions of high concentration. Lysates which initially were 
titered, then concentrated 100 times, yielded discrepancies 
as much as one order of magnitude less than the expected num­
ber of collphage PFU. A logical explanation for this phenome­
non could have involved an inactivation of collphage during 
concentration procedures.
Studies to determine possible secondary structure of 
phage RNA (le. single vs. double strandedness) were made using 
two procedures. The first of these involved an absorbance- 
temperature profile experiment to estimate the melting point
37
TABLE 12
THE REACTION OF COLIPHAGE 9637 NUCLEIC ACID EXTRACTS 
WITH DIPENYLAMINE REAGENT
♦Standard Coliphage 9637 Extract
Concentration (ug) **Qptlcal Density Dilution Optical Density
19.5 0.18 1-20 0
39.0 0.36 1-10 0
58.5 0.54 1-4 0
78.0 0.73 undllute 0
97.5 0.86
* salmon sperm, 100 ug/ml.
** optical density at 600 mu.
38
TABLE 13
THE REACTION OF COLIPHAGE 9637 NUCLEIC ACID EXTRACTS
WITH ORCINOL REAGENT
^Standard Collphage 9637 Extract












* rat liver, 100 ug/ml,
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(Tm) of the nucleic acid as determined by the guanine-cytosine 
ratio of the molecule. Goliphage 9<$37 RNA in 0.01 M sodium 
phosphate buffer (pH 7.2), placed in a Beckman DG-B spectro­
photometer, was heated incrementally to a maximum temperature 
of 86 C. Absorbance at 260 mu was recorded throughout the 
heating process. The results of this experiment are seen in 
Figure 6. No significant change in relative absorbance was 
seen. This indicated an almost total absence of hydrogen 
bonding in the molecule. These results suggested a single­
stranded nucleic acid moiety with an extremely low or non- 
existant degree of intrastrand H-bonding.
The second experimental procedure investigated the 
reactivity of the RNA sample with formaldehyde. Coliphage 
9637 nucleic acid (25 ug/ml in 0.01 M sodium phosphate buffer 
- pH 7.2) was placed in a 2.0 percent solution of formaldehyde. 
Periodic spectral analyses (340 mu - 220 mu) were performed 
in a Beckman DG-B spectrophotometer over a period of 19 hr.
The sample remained in the instrument throughout the test 
period at a constant temperature of 37 C. The results 
(Figure 7) show an Increase in optical density at the level 
of maximum absorbance (260 mu). Reaction between formalde­
hyde and the free amino groups of a single-stranded nucleic 
acid would account for this shift in optical density. The re­
sults of this experiment supported those of the previous ex­
periment in Indicating a single-stranded form of nucleic acid. 
Electron Microscope Studies.
Electron micrographs of phage concentrates prepared 























rIGURK 6. Absorbance temperature profile of coliphage 





FIGURK 7. Reactivity of Coliphags 9&37 KKA with 2 percent 
for;,■'.aldehyde.
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inhibited identification of virus particles. Methods to puri­
fy the concentrates were employed. Coliphage concentrates 
were purified in 60 - 80 percent sucrose gradients via cen­
trifugation (Beckman Model L-2) for 12 hr at 25,000 RPM in 
an SW39 rotor. Fractions (Hoefer Scientific Instruments 
Fractlonator) of 20 drops (0.4- ml) were collected and assayed 
for phage activity. Fractions 10 and 11 (Figure 8) containing 
99 percent of the phage activity were pooled and dialyzed 
against 1 percent ammonium acetate (pH 7.2). Samples were 
negatively stained with 1 percent phosphotungstlc acid.
Electron micrographs revealed large numbers of phage­
like particles (Figure 9) which displayed an icosohedral 
symmetry. In addition, six spike-like projections were seen 
arising from each visible apex of the capsid (Figure 10). 
Measurements showed the capsid to be 20-25 nm in diameter, 









































FIGURE 9. Electron micrograph of phage-like particles 
from sucrose gradient fractions containing 99 percent 
of the coliphage 9637 activity (Magnlflcation 355»OOOx).
4 6
FIGURE 10. Electron micrograph of phage-like particle showing 
apparent spike-like projections (Magnification 497,000x).
47
DISCUSSION
Advocates of a coliphage indicator system for enteric 
viruses in polluted waters cite the advantages of speed, 
economy, convenience and quantitative capability (Carstelns, 
1963; Loehr and Schwegler, 1966). However, mere ability to 
isolate coliphage from polluted areas does not in Itself 
represent a valid index of enterovirus presence. Criteria 
such as those proposed by Berg (1969) must be adhered to be­
fore final acceptance.
The present study fulfills certain aspects of Berg's 
criteria. Coliphage were consistently present in raw sewage 
which yielded Inconsistent enteric virus isolations. Coli­
phage often was recovered from treated effluents in the ab­
sence of detectable virus activity. Greater numbers of coli­
phage than virus released in effluents would represent a mar­
gin of safety if a constant ratio in occurrence existed between 
the two forms. Survival patterns of coliphage and enteric 
virus in estuarine waters and oysters were shown to be similar 
(Figures 2 and 3)» This agreed with one of Berg's criteria.
Further studies, however, indicated the ability of 
coliphage to increase their initial effluent discharge num­
bers via replication in heavily polluted waters during the 
summer months (Figure 4). Oysters also demonstrated a greater 
accumulation potential for coliphage than enteric virus. These 
findings suggested a greater llklihood of isolating coliphage 
from field samples, whether or not enteric virus was present.
Another difficulty was encountered with the demon-
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stration of an apparent shift of dominant coliphage type with 
a resulting change In host cell specificity (Table 4). Such 
shifts If occurring frequently would relegate choice of a 
proper host cell to guesswork.
Results of field studies show that 82 percent of all 
positive coliphage Isolations were made in the absence of en­
teric virus activity. This discrepancy goes well beyond the 
reasonable margin of safety previously discussed. Of far 
greater importance is the fact that 63 percent of all enteric 
virus isolations were recovered from samples yielding no coli­
phage activity. This finding represents the greatest short­
coming of the coliphage system. While it is difficult to de­
termine the validity of a coliphage indicator which is present 
in far greater numbers or in the absence of that which it is 
to Indicate, namely enteric virus, there can be no question 
of its fallings when found to be absent in a majority of sam­
ples yielding positive enterovirus isolates.
The results of this study show that despite the occur­
rence of comparable numbers of coliphage and enteric virus in 
feces (Kott, 1969), and the similar modes of survival in the 
environment, the inability to correlate the occurrence of 
coliphage with that of enteric virus in field samples negates 
the practical application of such an indicator system in the 
estuarlne environment.
Bacteriophage containing RNA, first described by Loeb 
and Zinser (1961), have been shown to be of similar chemical 
and physical nature (Gesteland and Boedtker, 1964; Hoffmann 
et al. 1966; Hohn and Hohn, 1970). Coliphage 9^37, while
2*9
displaying some of these similarities, has presented a series 
of rather unique characteristics.
The overall size and symmetry of the particles ob­
served in electron micrographs conformed with those pre­
viously demonstrated for RNA containing phages (Vasquez 
et al. 1966; Hofschneider, 1963; Overby at al. 1966). The 
occurrence of a number of "spikes" projecting from the capsid, 
however, represents a radical departure from typical RNA 
phage morphology. A similar series of projections is seen 
among members of the Adenovirus group, the "spikes" or fibers 
being involved in the host attachment mechanism (Maizel et al. 
1968; Norby, 1969). It is possible, therefore, that the 
"spikes" observed on the phage-like particles may serve in 
some host cell adsorption capacity.
In lysates, coliphage 9637 yielded low numbers of 
infective particles; however, these same lysates when viewed 
under the electron microscope revealed extremely large numbers 
of phage particles. Strauss and Sinsheimer (1963), Hohn and 
Hohn (1970) and Davis and Sinsheimer (1968) reported similar 
findings in a number of RNA containing bacteriophages in which 
only 10 to 30 percent of the progeny produced were active 
plaque formers.
Zinder (1965) showed the presence of 10 - 20 percent 
phenotypically phage-resistant cells within a sensitive bac­
terial host strain. Hoffmann-Berling and Maze (1965) described 
a non-lytic RNA phage release resulting in a gradual extra­
cellular increase in progeny phage numbers. These findings 
are consistent with observations of the cultural characteris­
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tics of Coliphage 9637 which demonstrated an asynchronous pro­
duction of progeny with no apparent clearing of the host cul­
ture.
Reactivity of Coliphage 9637 RNA with 2 percent for­
maldehyde (Figure 7) was similar to that of single stranded DNA 
(Sinsheimer, 1959)» MB2 single stranded RNA (Strauss and Sins­
heimer, 1963), and denatured DNA (Fraenkel-Conrat, 195*0. Melt­
ing point data, however, showed no significant number of hydro­
gen bonds occurring within the molecule (Figure 6). These data 
are not consistent with those summarized by Gesteland and Boedt- 
ker (196*0 for R-17 RNA, Tobacco mosaic virus RNA, and Escheri­
chia coll rlbosomal RNA, all of which, while existing as single 
polynucleotide chains, demonstrate a moderate amount of intra­
strand hydrogen bonding. Similar evidence of intrastrand hydro­
gen bonding in other RNA phages (Strauss and Sinsheimer, 1963; 
DeWachter et ad. 1968) was interpreted as suggesting a highly 
compact molecule with numerous folds containing helical regions 
(DeWachter et al. 1968). The occurrence of a less compacted RNA 
within a particle similar in size to other RNA phages, may be 
indicative of a significantly smaller polynucleotide struc­
ture than previously encountered. The possibility of such a 
reduced genome leads to some rather interesting speculations.
RNA-containlng bacteriophages studied thus far have demon-
o
strated linear genomes approximately 10,000 A in length, con­
sisting of some 3000 nucleotides organized into 3 - 5  genetic 
regions (Valentine et. al. 1969). The mechanism by which so few 
genes successfully direct phage replication has been the ob­
ject of a considerable amount of interest. The smaller, less
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compact genome suggested in initial experiments with coli­
phage 9637 may represent a structure with either fewer genetic 
regions, or extremely compact region consisting of reduced 
numbers of nucleotides per region.
The most unique characteristic of coliphage 9637 
lies in its absolute requirement for the presence of copper 
ions, a requirement as yet undescribed in any other phage 
system. At the present time, the role of copper in the phage 
replicative cycle is unknown. Copper may be necessary for 
effective absorption of the phage to the receptor site of the 
host as seen with similar divalent cations in other RNA phage 
systems (Loeb and Zinser, 1961; Davis and Sinsheimer, 1963). 
This, however, seems unlikely in the light of experiments 
which indicated no decrease in absorption in the absence of 
copper. Also, the failure of cations closely related to Cu++ 
to support phage replication indicates a function of greater 
specificity than simple absorption mediation.
Extensive studies on the role of divalent cations in 
the infection process of the single stranded RNA phage R17 by 
Paranchych (1966) Indicated that only the viral RNA penetra­
tion stage required the presence of extracellular divalent
++ ++ \ cations (Mg , Ca , Sr and Ba ). It would not be illogical
therefore to postulate a similar occurrence in the case of the
effect of copper ions on coliphage 9637 RNA. Another possible
function of copper ions involves the stabilization of phage RNA
after host cell penetration. A similar protective function
was first described for calcium ions in the T5 phage system by
Lannl (1960).
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A final prospect for copper function involves the 
need for copper containing prosthetic groups in phage- 
directed enzymes responsible for synthesis of components not 
normally produced by the host cell. Failure to provide ade­
quate levels of copper would therefore result in partial or 
complete shut down of synthetic machinery.
Whether Coliphage 9637 is of terrestrial or marine 
origin remains an interesting question. Its ability to repli 
cate on E. coll ATCC 96371 a fresh water microorganism, is 
offset by its optimum growth in artificial seawater, and its 
peculiar requirement for copper. Successful isolations of 
the organism occurred in raw sewage, sewage effluents, sea­
water, oysters, and estuarlne mud. Data compiled during the 
study suggest two possibilities. Phage 9637 represents 
a coliphage adapted to the marine environment, or Coliphage 
9637 represents a bacteriophage of marine origin which has 
been adapted to a particular E. coll host cell found in an 
estuarine setting as a direct consequence of pollution by 
domestic waste discharges.
The Isolation and study of Coliphage 9637 has raised 
interesting questions touching upon portions of molecular 
biology, genetics, nutrition, taxonomy, and ecology. Con­
tinued study is indicated.
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